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Our goal: understand detector backgrounds

Neutrino signals

Elastic-scattering channel 

Charged-current channel
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Backgrounds

e

(to be conservative)

Our goal: understand detector backgrounds

Neutrino signals

Elastic-scattering channel 

Charged-current channel
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Background I: Muon-induced spallation 
                                                                                

Background II: Neutron capture 
                                                             

Background III: Sub-threshold events pileup

Outline
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Background I: Muon-induced spallation
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What are spallation backgrounds?

Cosmic-ray muon

isotope
40Ar

t0

I. isotope production
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What are spallation backgrounds?

Cosmic-ray muon

isotope
40Ar

t0 ~ ms, or s, or …

isotope

e

I. isotope production II. isotope decay
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Muons         1st-generation particles

Muon energy loss

Ionization: muon + atomic electrons

Radiative process: muon + nuclei
Pair production

Bremsstrahlung
Photonuclear interactions

Restricted energy loss; Delta-ray
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1st-generation particles         showers

5-GeV electron —> EM shower 5-GeV pion —> hadronic shower 
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Isotopes  @  showers

5-GeV electron —> EM shower 5-GeV pion —> hadronic shower 
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Isotope production yields in DUNE

Average isotope yield: 1.4 per muon

90% isotope yield: S, Cl, Ar

Yield uncertainty: a factor of ~ 2
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argon nearbyoxygen nearby



What are important isotopes?

Production yields + Decay properties
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DUNE spallation backgrounds
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DUNE spallation backgrounds, after 1st-step cut
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2nd step — a cylinder cut

e

Cosmic-ray muon

isotope

Remaining background: 

Resulting deadtime:
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DUNE spallation backgrounds, after 2nd-step cut
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Spallation backgrounds vs. MeV signals 
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Background II: Neutron capture
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Radioactivity neutrons produced in rock

Neutron productions in 2 m rock:

7.11 ppm 232Th & 3.43 ppm 238U

Th, U -> alpha; alpha + rock -> n 

U -> n, through spontaneous fission
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n

e

41Ar40Ar

Radioactivity neutrons captured in DUNE
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Background electron rate (> 5 MeV):

with 7% energy resolution: 1.2 Hz 

with 20% energy resolution: 5 Hz

Neutron capture rate: 81 s-1

Neutron background in DUNE
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Neutron background vs. Solar neutrinos



Trigger considerations

n  
events 

Type I: 

Type II:

5.4 ms

n  
readout bins 

5.4 ms
… …

Neutron background vs. Supernova neutrinos
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Reject neutron background for solar neutrinos

Add moderate water/oil/plastic shielding
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Reject neutron background for supernova neutrinos

Add moderate water/oil/plastic shielding

n  
events 

Type I trigger: 

Type II trigger:

5.4 ms

n  
readout bins 

5.4 ms
…
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Background III: Sub-threshold events pileup
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Calculation framework

z wire plane

(detector edge)

2-event pileup
dx = dy = 5 cm
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Calculation framework

2-event pileup
dx = dy = 5 cm

z wire plane

1st event at (z0, t0 = 0)

(z0, 0)

T
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(detector edge)



Calculation framework

2-event pileup
dx = dy = 5 cm
1st event at (z0, t0 = 0)

(z0, 0)

Tz wire plane

(z’, t’)

T’

2nd event at (z’, t’ > 0)
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(detector edge)



Calculation framework

2-event pileup
dx = dy = 5 cm
1st event at (z0, t0 = 0)

(z0, 0)

Tz wire plane

(z’, t’)

T’

2nd event at (z’, t’ > 0)
such that: |T - T’|< 50 us

T T’

wire plane
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(detector edge)



Pileup sources

39Ar

(in atm argon)

42Ar

(in atm argon)

42K

(42Ar decay)

214Bi
(222Rn,

10 mBq/m3, 
decay)

neutron

(U/Th in rock)

Ee [MeV] 0.6 0.6 3.5 3.5 3

Rate [Hz] 10^7 10^3 10^3 10^2 10^2
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Pileup rates << neutron rates above 5 MeV

Pileup among 39Ar, 42K themselves

10 decays of 39Ar: 10^-15 Hz

2 decays of 42K: 10^-4 Hz

Pileup between 39Ar and 42K

3 decays of 39Ar with 1 decay of 42K: 
10^-5 Hz

Neutron background > 5 MeV: 5 Hz

39Ar

(in atm argon)

42K

(42Ar decay)

Ee [MeV] 0.6 3.5

Rate [Hz] 10^7 10^3
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Conclusions
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Solar 
neutrinos

Supernova neutrinos
(trigger) DSNB

Spallation 😊 😊 😊

     Neutron   😊

Pileup 😊 😊 😊

🤔No shielding

After shielding

🤔

😊 😊






